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ABS TRACT OF YJl li i)I SCLOSIIliS 
An olectxode device Tor electrically hosting underground 
deposits of hydrocarbons such as oil .sand or oil shwlo, PjUtral 
well pipe sections arc joined through insulated pipe joints with 
an fc] eetrodc connected through one u£ thu in-snlat.Ed pipe joints 
to a lot^er one of Uu* pipe sections. Each of the insulated pipo 
joints includes a first tubular member having a flange portion 
at. dug c*nd tlmrHof , 3 second tubular member having a cap portion, 
at one en<i ifhich is recoived in the fjargo portion of the first 
tubutat member with a gap therebetween , and an insula lin& member: 
disposed in the gap ior hermetically coupling the first and 
second tubular members 2nd for eloctricAlly insulating first 
and second tubular mambsrs fvoni one another. 



CLJaOTKODE DEVICE FOR KLSCTtUCALLY HEAT TNG 
UWDliRUitOlWD DEPOSITS OF HYDROCAUftQ^S 

BACKGROUND OF THE W/ENTIOfT 

The present IftVoDtion relates to an electric device 
used to electrically heat untforground deposits of hydrocarbons. 
Wore specifically, the present invention relates to an electrode 
device which is used to supply eloctrlcal power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a Uoi^r viscosity and higher fluidity in order 
to more, easily remove" there from the velJ . 

Tho term ''hydrocarbons" as used hereinafter means 
petroleum or oil, bitumen contained in oil sand [also called 
"tar s^md") and kerogen contained in oil shale , These Kill all 
bs referred to as 11 oil M for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 
eithar by gas pressure coexisting in the oil layer or by forcing 
a liquid such as brine into one well to forco the oil to flow 
out of another well. Hot/aver, should the underground oil fiavo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A several method of making the oil fluid is to heat the 
oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different tjrpe* of oil. 

There have been proposed as oil layer heating methods 



the iflj action of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, under ground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
5 be burned » and the .use of explosives. The last two methods are 
difficult to control rq that th&y sre not in gonoTal use. 

According to the method of injecting the hot water or 
water vapor it a high tampGraturo and under a high pressure, 
the oil layer is heated to enhance the fluidity of tha oil to 

10 ' cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low resistance to- 
the flow of hot water or water vapors or there are voids in the 
oil layer , the Water or vapors may collect In these regions and 
fail to diffuse throughout the whole layer. Moreover 7 if the 

15 oil layer is solid and dense, the hot rater or it^ vapors will 
again not diffuse so that the oil layer cannot he heated. 

Heating by the supply* of electrical powor is performed 
by drilling a plurality o£ wolls in tho oil layer and "by establish 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough* This technique la 
advantageous in that the oil layer can be vholly ha at 6 a with eas& 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil # 

25 For improving the oil producing efficiency, there has 
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further been proposed a method which includes a first step of 
beating the oii layer by electrical re si Ataxics heating and a step 
of injecting hot water or water vapors at a high tempera tin e nnrf 
under a high pressure when ths qt.1 layer becomes soft while con- 

5 tinxiihg the heatirfg so that the resultant fluid ail may He pumped 
D\it, In order to efficiently heat tbe oil layer > tho electrode 
device must be sufficiently electrically Insulated that the leak- 
age of electrically current into underground poxtioTis other than 
the oii layer is avoided as much as possible Tha electrode de- 

10 vino 5_s also required to be iuibrcakablt* with respect to the under- 
ground soil pressure, the pressure of tb<* vapors which are gener- 
ated by the heating operation, &7id the pressure of injecled hot 
water or hot high pressure- water vapors. The electrode doync« 
is further required to be free from leakage- of hot water or hot 

IS high pressure w&tcr vapors . 

In order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted, from 
oil san<J will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between 
sands in deposits. Moreover 3 it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

IS partially exposed in a valley or at the banks of 
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| a river but J 3 most often located ©nfctrely under uroimd at » 

dapth.of 200 to S00 wWIb having a thickness of several tens 
o£ .meters, tow to consideration of economy and envii-osiroeiitfci pro- 
tection, it is necftBBary to separate out the oil underground and 
to extract only the oil fro* the *roll. Moreover, sines the 
extraction of oil from a shallow underground layer is accompanied 
by a danger of subsidence, it iis desirable to oxtract oil only 
from underground layers Jyirwj deeper than 300 m. 

" Further aspects of the background o± the invention and 
10 the invention o.f the present application &re described with 
the assistance of the accompanying drawings in' vrhiclit 

Vig. 1 ia a schematic sectional view show>.nc$ a 
conventional prior art installation of the fje^ral type with 
which the invention is ufciiiteA? 

Fig* 2 is a arose -sectional, view of an insulated pipe 

}oint of the invention; 

Fig. 3 is a oro»s-s fictional view showing savor a 1 joined 
pipe sections, an electrode and insula ted pipe joints in accordance 
with, the invention; and 
20 Pigs'. 4-7 are a' series of cross-sectional view 

i illustrating tha use of. insulating coating* in accordance with 

the invent ion. - 

Fig. 1 illustrates the" heating OZ an oil sand layer. 
5?y electrodes coupled to □ power supply. In Pig- l, reference 
numeral* 1 and 11 indicate main guide pipes made of steal, 2 
and- 12 indicate Insulators joined to the main guide pipes l and 

11 , 3 and 13 .indicate electrodes joined to the insulators 2 and 

12, parEorationa are formed in the electrodes 3 and 13, end 4 and 
14 indicate cables for feeding an electric current to the eXe- 

*Q ctrodas 3 and 11. This assembly ia hereinafter called together the 
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11 electrode device". Reference? immoral S indicate a power 
afcut'CC, 6 ind>.catf*8 an Oil 3ai\i3 l^Y^r 7 indicates an olCOtriC 
currusit flowing between tho ele^trodaB 3 and 13 * B indicates the 
grouucS surfura, 9 indicate* an overburden layer,, and 10 in- 
dicates a layer below the nil scuicl layer. 

When a volt aye is applied to the electrodes 3 and 
13 which arc buried in the oil Band layer 6 frroen the power 
soxirnB 5 through the cables 4 and 1<1, tho current 7 flows in 
accordance with tho electric: rCO I S Uancft of the oil sand layer 
& as. a xeBult 
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pf which the oil sand layer 6 is heated by Joule t>r resistance 
heating. Although, the current 7 paztaally flows into Che over- 
TjurdBn layer & and the layer 10, the leakage is Maintained at a 
low level because the insulators 2 apd 12 are interposed between 
the main guido pipes 1 and 11 and tho electrodes 3 and IS. After 
the pil sand layer 6 lias been warmed, the powor supply is inter- 
rupted- Hot water pr water vapors at a high temperature under 
a high pressure are then forced from the upper inlet' of one* main 
guide pipe l of the electrode device and flow through the oil 
sand layer 6 until they come out of the other main gujde pipe • 
11 carrying the oil, Jn order to improve the flow ratos of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes 3 and 13. 

Since the upper portions of the insulators Z and 12 
are connected to the main guide pipes 1 and 11 and the lower 
portions are connected with fha electrodes S and 13 t a down- 
ward tensile stress is always applied ta the insulators < More- 
over, since the assembly can be at a temperature as hi#h as 
2S0 fl C to 300 <S C > the insulator* should ba able to withstand such 
tempernurres. Also, since tht* insulators 2 and 12 are buried 
underground as deep as several hundred maters Kith the electrodes 
5 and 13 suspended £roin rhciT Lower ends Kith the upper ends 
thureol; connected to the main guide pipes Z and 12 1 the insulators 
1 and 12 will almost certainly contact or collide with the well 
walls whilu they are lowered into the well. Because of the 



graat total weight, any slight contact will iiupose a hi^h sutfcIiA- 
nical impact upon the insulators 2 and 12, There Tore > the 
insulators 2 and 12 &tc required to be able to withstand anticipated 
levels of mechanical impact- 

5 In an el eel rode device which hpats an oil sand layer 

when ii is supplied vith an electric current, a major problem is 
that the electric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot generally 
be precisely stated. Ha«ovtjr > avorage values are lfH}ft-m For 
the oil sand layur and Ifl0-l50*l-m Tor the overburden layer. >\s a 
result, if an electric current is supplied to two electrode devices 
which are constructed by connecting electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, TClO^t of the cxirrfcnt will be Consumod in the overburden 
layer. In order to avoid this problem, it is necessary eithaT 
to cover the surfaces of the guide pipes vith an insulating coating 
or Lo Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2D which satisfy the af orcrae tniosied requirements. In one such 
attempt, flanged tubular members made oE metal btb coated with 
*n QTganic resin which provides a high resistance to heat* An 
appropriate Material is polytetraf luoroethylene resin (fax example 
ir Tef Ion™ 11 -Khich is tr&dc name of du Pont) . with this 

25 cons traction , insulating members are provided which are 

satisfactory in th<iir ability to withstand a suspending load 
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and mechanical impact forces. However, ithn.s proved quite diffi- 
cult to coat the flange, portions satisfactory with The insulat- 
ing otaterial. Nrtragver, even if satisfactory insulating char- 
acteristics, arc provided at ruoui temperature, the Insulating 
5 coating has a tendency to separata, especially around tho flange 
portions t duo to repeated thermal expansion and cpTt.tr action 
such hs is typically tin count e red in normal operating conditions* 
If the insulation coating is brokon or caused to flake off, the 
insulators thus produced become useless, 

10 Tr* a second attempt, porcelain iiiatoii&l has been used 

far forming the insulators r However, it is cUso necessaiy in 
constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics with respect 
to the connection between the main guide pipes 1 and J.l and the 

IS eioctrodes 5 and 13 es w*b11 35 between the insxilatiug member. 
Tho connection ha3 generally been made by shrink fitting metal 
olp«j,s on the outer peripheral surface of the porcelain pipe and 
then connected with other metal pipes ordinary technique^ .such 
as voiding or attachment with holts. With this construction, 

20 although the wall or oil ti^ht characteristics ihay be acceptable 
at room temperature f the strength of the shrink- fitted joints 
tends to drop as the temperature is increased scj that the abi- 
lity to support the suspended load is correspondingly lowered, 
Moreover r breakage of the porcelain may taken place as a result 

25 of the stress amposed upon tho le-ading end portions of the shrink - 
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fitted areas . *n order to eliminate such drawbacks, there has 
beet* proposed thg use o±" a porcelain pipe having ends formed 
as filange portions with the flange potions fastened to metal 
pipes with packings interposed between the contact surfaces. 
5 With this coii.stTKti.on, the aboi'c- stated requirements ?re met 
at room temperature. However., the water and oil t t scaling 
tends to dctur torfite upon repeated thermal expansion and con- 
traction. Moreover > porcelain intrinsically locks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to be broken by a. mechanical impact force such as is ordinarily 
encountered while th«> assembly is lowered through tho well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

Vet further, insulators foimod of organic polymeric 

IS compounds have been proposed. Although such compounds may have 

a high strength at room temperature and are quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant, Spaci f i caily,very few compounds 
of this. type are kuown which are resistant to hot watur or tfator 
vapor at high temperature and winder high pressure* 
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SUMMARY OF Tlh l rNVENTOW 
In accordance with -Hits invention^ there is provided 
an ciactTDdc device for electrically heating underground deposits 
of hydro cartons including a plurality of well pine sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to The under- 
ground deposits, a plurali L>" of insulating pipt* joints exch 
Including ei fir*t tabular member having » flange poxtlon at one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular inemtbgT with a gap th erefcetween and an in- 
sulating member disposed \n the gap between the flange portion 
and the csp portion for hermetically coupling the first and 
sec-ond tubular Members while electrically insulating them frozn 

IS one another and witK th© insulating pipe- >oint.«; b&ing nsort to 

couple at f.east some of the pip** sections together and the elec- 
trode to one of the pipe sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At lisast SQffMJ of tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
£ap bcttffctju the flange portion in the tup portion and second 
insulating portions disposed adjacent inner and outer surfaces 
of Lhe tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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insulating jnember^ of p.arch of the iiiEuLattid pipe .joints iv -initio 
of, a ijlu&s-jmica molding .Comical Hrojn powders of and mica. 

An insulating coating may be provided on at. least A portion of 
the outer i>arr:ace of the insulated pipe joints. This coatin.g 
ra&y be a retfin of po lyte trail uor ou thyl csiu r a resin of diphenyl 
oxide. Moreover, a protective layer of insulation can be 
provided around at leasl- a portion of the insulating coating* 
l'he protective layer may be; an inexpensive material »uch as 
polyethylene, polypropylene* or polyvinyl chloride. 

Further objects and advantages of the invention will 
appear from the following description taken together with the 
accompanied drawings. 

in accordance with the invention, tharo is provided 
an sleet rical heating el set rode device which is entiroly froG of 
the above-mentioned dra^baefcs* A preferred embodiment o£ 
the edtictrodo device of. the invention will be described xn detail, 
£irst with raforoncfc to Fig. 2 vhieti shows a crocs -s actional 
view of an insulated pips joint Si vfhiuh is Utilized with the 
BlEctxode daviCG of the invention . 

The pipe joint generally do si gnat cd 21 in Figure 2 
comprises four basic elemental 

a fir&t tubular member a second tubular mamfcar 33, 
a cylindrical sleeVii-likB eovsr member 2$, and an insulating 
msmbsr 35. 

'rhe first tubular jriojub&r 22 comprises a cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 24 at a Lower end ac shown. 

The seconcS tubular member 33 compxiBey a cylindrical 
tubular portion 30 with a radially outwardly extending hub portion 
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I 25 at an uppar COV? E»hOwrw The intoxiox diameti?x of tabu lax 
portion 30 of the sticond tubular wembex 33 i 3 ehovn identical 
to the interior diameter of Lubular portion 23 of the flrsu 
tubular T^embLrr 22. 

Hub porti.ou 2 5 of the 2nd tubular member 33 is. provided 
with an internal annular recess 31 a& £hcwn. Huh pox t ion as 
is also provided with external thxeadB 32 which inate with 
threads 29 .on cover member 29 to be- described. 

Slceve-likc COVCi; Jltember 29 comprises « cylindrical, 
10 tubular , drum-like poxtion 26 with internal threads. 28 at one. 

lover end as shown in Figure 2 and a xa.&ial3y inwardly extending 
cap portion 27 at the other upper end, sbovm, tubular; portion 
26 Jia5 a larger internal diametex that the external diameter 
Ot flange poxtiun 24 of the first tubular member 22 bo as to 
pxovide a gap therebetween to be occupied by insulating member 
35. Cap portion 27 of cover member 29 has an internal diameter 
lartjer than the external diameter of tubular portion 23 of the 
first tubular member 22 so as to form a <yap therebetween. The in- 
ternal dianmtear of cap portion 27 is smaller than the external 
20 diameter of flautjo portion 24 of the- first tubular member 22. 

Preferably the fir3t tubular member; 22, second tubular 
member 33 and cover member ?.£► are made .from steel. 

Xneulating member 35 includes an. ou.uex cirovmf erent.tally 
insulating portion 36 which surrounds external effaces ot 
tubular pox t ion 2? of first tupulax jnember 22 and an inner cir- 
culars re riti ally insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion IS of the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 
30 33, ab may be Bfeen, insulating jmBmbsr 35 comprises an integral 



j m&Aiber c*x tending from portion 36 thereof to portion 37 thereof. 
Integral insulating member 35 tfcus space b surface S oK the Cirst 
tubular member 22 from surface* of second tubular JftOKlber 33 an<l 
cover iniombcr 29 by a gap occupied as seen in figure 2 hy insulating 
member 35. Insulating member 35 ineulatSs first tubular member 
22 from contact With Second tubular member 33 enrl cover member 
2£>. 

With cover member 29 acrewefl down onto second tubular 
member 33 afi shown in Figure 2, flange portion 24 of first tubular 
JO member as encased by insulating member 35 ia sandwiched between 
cover mcjobcx 73 and the upper end of hub pDr-titwi 25 of the 
second tubular member 33, whereby instating member 35 may form 
a hoxmatic ^cal between fir&t tubular member 22 and second tubular 
member 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular maiabor .22 may be firmly, seslably coupled 
to £CCOIld tubular member 33 yet insulatively iS0l*t<;^. therefrom. 

in assembly, first tubular; portion 12 may be inserted 
through cover member 29 following which cover member 2? may be 
20 screwed onto second tubular portion 33. Th& insulafciug member 
35 may b© se&n to occupy a cjai? between the fia;st tubular member 
22 and the combination of the second tubular member 33 and cover 
member 29. 

Preferably^ the entire insulating member is made of 
a COJirpn sit ion of glass and Allca and XS formed by a moidiiKj pro- 
cess. Tho insulating i&ember is formed by hoauing a mixture of 
powers of! glass and mica bo a sufficiently high temperature 
that tho mixture become a fluid * Ones the mixture fluid, it 
iu pressure molded using a mo.l-d of appropriate Shape. The for- 
$° roat ion of the insulating member 35 V7i.ll be descxrbod in more 
detail.* 
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The fSrai: l:nh\ilnr member 22 and th« Becond tubular 
member 33 are assembled to be positioned afi Shown 5,U Fig. 2 nnd 
are then heated to a predetermined temperature* The two tubular, 
members at the elevated temperature arc fitted into a t s -;o1<3 t 
Ne-Kt, a mixture of glass atid mica powders is prej^rod by pre- 
Utoldiag the Mixture into the ±oran ei a preliminary molded member 
of a cylindrical shape which will fit jn thf» gay between the 
tubular portion 23 of the first tubular meaiber 22 and cover member 
2*. The preliminary molded member is heated to a predetermined 
temperature and fitted in the <*ap in a he&tod condition. Netft, 
a pressure is applied to the preliminary molded Member before . 
it cools to force the material of the member to i'lov/ into the 
gap betwBBn the first and second tubular members and into the 
internal annular recess; 31 in the second tubular member 33* 

jror the material of the preliminary molded member, 
45 vtt% of; glass powder prepared by pulverizing a ylaxe used for 
enamel coating steel object*, co/aroarc tally available : as Product: 
Do. 2312 of Nippon Ferxo, Atd. p to a eiae of. 200 mesh mixed with 
55 wt* of mica pother of synthetic phlogopoifce o£ a sise of 
f>(t to 200 mesh* 5 wt% of water is added to the resultant mixture 
to.tfet it »o At can he molded. 150 & enn d±* the Netted mixture 
is molded using a cold pressure molding process to form a cylin- 
drically shaped body using a jaold (not- shown). The preliminary 
molded member was disposed in a drier at 120 B C for two hours 
to dry it prior to its use in forming the insulating jmember 35* 

Ah described above, the covbi: member 29 and the. hub 
portion 25 are- joined by screw threads. However, the invention 
ia not limited thereto as the cover member 2$ and the huh por- 
tion 25 can be 3oined by gelding. 

Xn an alternate embodiment, the cap portion 27 of 
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J the cover member 29 ifl divided in ho four qiiaflran ts Uvro of which 
axe removed, .flange portion 24 of the first tubular .raembDr 

22 if; i:hcn out vuch that the rc>niainitirj part o£ the .Clun<je portion 
24 can fit through the two removed quadrants <j£ tho o*ip portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 uf the cover member 29. 

Wi Uh the ir»siAatc-:<3 P?P* Doint flower il>e(5 above., a ten- 
sile force imposed on the ends of the joint is converted into a 
coinpreBBive force which acta between the cap portion 27 zmd 

10 flange portion 24, Since the compression pLrength of the insulating 
raembor 35 of the typo described i9 much greater than its tensile 
strength and since the force par Unit area, can bo SUi Uably set " 
by adjusting -the extend of the area on which the compressive 
forces arc applied > Lhe resulting assembly is quite strong and 
able tD withs-tamd hi#h te-rt^ile- forc&s imposed on the ends of the 
joint. 

ht high temperatures, for instants 300°C, the? beat 
rcsJiEtant characteristics of the insulating member are primarily 
■determined by the thermal characteristics of the glass material 
70 used as uhe starting material. Particularly, the transition 
temperature of thi.D material is important. If the transition 
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temperature is, for instance , in a range of ,& C to 600 C. 
r high mechanical strength for the overall asspmbiy will be 
preserved to a Lemperature of at leapt 300*C. 

Xith lospect to the resistance to mechanical impact 
forces, the mica powder which is used to form the insulating 
member is composed of particles having a flat shape wherein 
the ratio of the diameter to the thiclcness of « single scaTe 
particle is generally in n .range of 30 to 50:1, Duo to the 
presence of the seel* particles, the molded insulating member 
has a laminated form thereby providing it with a hifth elasticity. 
This high elasticity would not be present if the insulating 
membciT were formed only of glass powders. Hue to the laminated 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
impact forcos then is » prior art type of insulating roesnber made 
of an inorganic compound, Therefore, the insulating member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the topical impact forces which arc en- 
countered during the use of the structure, 

Next, the construction of -a preferred embodiment 
of an. electrode device of the invention utilizing the above- 
doscribed insulated pipe joint 22 tfill be given vitfc reference 
to v"ig. 3, Reference numeral* 1 to 4 used in Tig. 3 indicate 
similar components as those of Fig, 1. The righthand half of 
*ig, 3 shows the completed structure of the insulated pipe joint 
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21- As shown in the .figure, the insulating member 2 includes 
■f wd insulated pipe joints 21, One end o£ the insulating member 
2 is connected to the pipe 1 and the other to the electrode 
3. These connections may btf made hy w'U-knovro techniques such 
as walding ox by "the use of screw threads. 

As, in accordance with the invention, the completed 
Dnsulatod p-ipe joint 21 has a common thvoughhole o** constant 
internal diameter, the assembly and use thereof Is quite easy. 
For instance, the provision of the above-described partitions 
is quitfe simple. Of course, mora than two instil Hied pipe joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the case hi- in© having a high 

salt concentration is used, the outer surface of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substance having a -sufficiently high heat resistant property. 

This is shown in the Icfthand paxt of Pijj. 3. Fot example, the 

TM 

costing 4t can be formed by shrink fitting a "Teflon M tube. 

As duscriberf above*, in accofdanco with the Invention, 
tho pipes and tha otoctrodos arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of th* insulat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
tbc compression strength of tho instil &t ln&' member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention lias r L>uite high mechanical. strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under sdv<*tc operating conditions often 
encountered in oil well application. 

S Yet further, the coating 41 and the insulating members 

* 2 and 12 of the electrode can be formed from other materials. 
To determine what materials are best for these members, tests- 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot water and v/ater vapor at high temperature 

10 and under high pressure. The compounds investigated are listed in 
Table 1 herein. 

Regarding the tests, test piocos of each of the materials 
vers placed in quarts test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 Kater. The autoclave was held at 280*C at an internal pressure 
of 6fi kg/cm 2 for a period of 10 days. The autoclave- was then 
cooled to a room temperature and the test pieces votb checked for 
appearance. The results arc presented in Table 2 from which it 
c&n be seen that hot v/ater and steam had a much more adverse affect 

20 than dry heat. Of the materials tested, only oolytetraf luoroeth/lenc 
resin and diphonyi oxide resin were acceptable. 

A co&tinx of vater. and steam TCslstant resin can be 
formed around the pipe 1 by ropcatedly applying coatings of the 
material, and baking the assembly until the desired thickness is 
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obtained. Also, a coating of the heat resistant reUn can be 
formed by first pretax in« a tube of the resin having an inside 
diameter 5 lightly larger than the outsi.<U diameter o£ the pipe 
l=.and then slipping the tube over the pipe 1. If the resin 
5 is in the form of a sheet or tape, it ma/ be ground directly around 
the pipe 1 and then fusion -bonded if necessary . As desmibed 
above, a heat -.shrink able tube of polytetraf luoro ethylene can 
bo slipped over the pipe 1 cmd heated to fit it tightly to the pipe. 

As discussed above, when the assembly including the 
10 electrode is inserted into the oil wll, there is unavoidable 
contact .with the inner wall of the well so that too heat 
resistant iasulating coating may he damaged. To prevent this, 
protective coating of insulation 16 may be formed around the 
insulation IS as shorn in Pig, 5. Since the protective coating 
IS of insulation 16 may melt or collapse if the electrode is 

exposed to hi$h temper attires, it tan be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chloride. 

Typically the total length of the guide pipe 1 is 
200 to 500 m. HoWfcwsT, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about 10 lit In length, To join 
the pipe secLions, each pipe section is provided with a taper 
thread an one end and the pipe sections are joined by strewing * 
the* together. An insulating coating must also be formed around 
the joined parts of the pipe section* and on the surface of the 
25 coupling. To accomplish this, as sho*n in Fig, 6, steel pipes 
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1A and IB are covered with the coaUug of heat resistant insulat- 
ing material ISA and 1FR and arc joined by a coupling 17. A 
coating of heat resistant insulation 15C is formed aTDunrf the 
coupling ex t ending into adjacent areas, A heafc-shr inkable tube 
£ of a pDiytetrafluoroethylene is particularly suitable in this 
case. 

To protect the insulating coatings from direct contact 
with the inner wall of the v/ell* stBel pipe sections IA and IB 
covered with the coating of host resistant insulating material 
1° ISA and 1SB and protective coatings of insulation ISA and 16B 

are first joined through the coupling 17 > Thereafter > the coupling 
16 is coated with the heat resistant insulation 15C and thou a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shut/ti in Fig, 7. 
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li\ and IB are covered with the coaUttg of heat resistant insulat- 
ing material ISA and 1FE and arc joined by a co\iplin# 17. A 
coating of heat Tesistant insulation 15C is formed aTDunrf the 
coupling e^c tending into adjacent areas, A heat-shxinkable tube 
S of a £ Dl ytetrafluDroethylejie is particularly suitable in this 
case. 

To protect thts insulating coatings from direct contact 
with the inner wall of the v/ell* stoel pipe sections IA and IB 
covered with the coating of ho&t resistant insulating material 
1° 15A and 1SB end protective coatings of insulation loA and 16B 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated with the boat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as showi in Fig, 7. 
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Table 2 



Sampl e A ppearance 
A OK- 

B * Turned into a lim>p> 
C Do, 
D ' Collapsed 
EI OK. 
B2 Dd - 
F Do* 

G ' Tamed into a lump. 

H Glass whitened 

(Resin came sjmTt) 

1 Do, 

J Do. 
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WHAT IS Cl.AlMlil) I'tf: 

1. An electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of ko11 
pipe sections; an electrode adapted to ht> disposed in an under- 
ground deposit of hydrocarbon* for -M»ppl.yh\g on electric current 

5 to said underground deposit; a plurality of insulated pipe joints 
each including a first tubular member having a flange portion 
at one end thereof, a second tubular mewbeT having a cap portion 
at <mc «nd theieof adapted to be received in said flange portion 
of said first tubular member tfith a thiM-cbctwoon, and aj\ 

10 insulating member disposed in said gap bet.Kcen said n an %R, por- 
tion and said cap portion for hermetically coupling said Aivst 
and second tabular member and for electrically insulating said 
first and second tubular members from one artother, said insulated 
pipe Joints being operatively disposed to couple at loast some 

IS i>f said pipe sections and said electrode tfbile electrically 
insulating salt! at least some of said piac sections and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as scL forth in claim 1 wherein 
at least some of said insulated pipe joints are Intcrcortnectud. 

3. the electrode device as set forth in claim 1 ^hei'tiin 
said insulating member of each .of said insulated pipe- joints 
comprises a first insulating portion disposed in said gap between 
said flauge portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surf tines of said 
tubular members, said first and second insulating portions 
being formed integrally with each other. 

4. Tlio electrode device as set forth in claim 1 wherein 

5 said insulating m amber of oncb Df said insulated pipe joints 
is made of a glfiss-mica molding forced from glass and mica 
poi/ders . 

£«. Tho electrode device as set foTth in claiiis 1 further 

comprising an insulating coating profided op at. least a portion 
10 gf an outer surface of said insulated pipe joints. 

6. The electrode doyiea as sec forth in claim 5. wherein 
said insulating coating isrpolytetrafLuorDetbj'lene , 

7, The- electrode device as set forth in clatjn 6 wherein 
said insulating coating comprises a resin of thermally slirinkabli 

15 po ly t e- 1 r a t Iuot o et hy 1 e ne . 

The electrode device as set forth in claim 5 ^haxein 
s&id insulating coating comprises a resin of diphenyl o*ide. 
9 t iiie electrode device as set forth in any of claims 5-7 

further comprising a protective layer of insulation .upon at : 

20 least a portion of said insulating coating. 

10. -the electrode deyicD as set forth in any of claims £-7 

further comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a materia] selected from the 

" group consisting of polyethylene, polypr^lena and polyvinyl chloride. 
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II, An electrode dcv.u:p. for uloctrically beating tuiclur- 

ground deposits of. hydrocarbons compr j.oSvig a plurality oi: inters 
connected wftll pipe sec l. ion b, an elootrode Etfapted to bo disposed 
in an underground depnnit of hydrocarbons supplying electric 
current to said under ground deposit r at least one insulated pipe 
joint including a first tubuUr member comprised of a well pipe 
section having a flainjC portion at one Gild thereof, u second tubu- 
lar member cOinpi jCs:y<3 of: said electrode* deposed in uligntuoot 
with said iirfct tubular tnember, u coy^r NCHibsr carried by saf.d 
ERCond tubular member having □ cup portion ».t one end tharcoi 
disposed in over lying relation t.o anid flange .portion above s ft Id 
first tubular inomb&r wtth a gap therebetween, an insulating member 
disposed in Said gap betwftert eaid fiango portion and said cap 
portion for hermetically coupling said first and second tubular 
member, and for electrically insulating said first and second 
tabular rcembe-rs from one ana t her, cable mean e connected to said 
electrode tor supplying an electric current fca said electrode and 
an insulating coating provided on at least an outer surface of 
^aid insulating £>lpe }oint« 




